INTRODUCTION 37
Ethanol is a teratogen that crosses the placenta and the blood-brain barrier, disrupting 38 development. Alcohol use during gestation has been associated with various undesirable 39 outcomes, including stillbirth (Cornman-Homonoff et al., 2012), spontaneous abortion (Kesmodel 40 et al., 2002) , premature birth (Sokol et al., 2007) , and growth retardation (Sabra et al., 2018) . 41
Fetal alcohol spectrum disorder (FASD) is a direct result of gestational alcohol use, characterized 42 by prenatal and postnatal growth restrictions, facial abnormalities, structural brain abnormalities, 43 microcephaly, developmental delays, intellectual impairment, and behavioral difficulties (Chudley 44 et al., 2005) . Despite societal efforts to raise awareness of these risks, gestational alcohol use 45 persists in North America. In Canada, an estimated 10% of pregnant women consume alcohol 46 (Popova et al., 2017) , and the prevalence of FASD in Canadian 7-9 year-olds is estimated 47 between 2-3% (Popova et al., 2018) . Similarly, in a cross-sectional study of four communities in 48 the United States, the estimated prevalence of FASD ranged from 1.1-5% (May et al., 2018) .The 49 annual cost of FASD in Canada is estimated at approximately $1.8 billion, including costs due to 50 productivity losses, the correctional system, and health care (Popova et al., 2016) . While 51 preventable, FASD remains a common and costly societal burden throughout an affected 52 individual's lifetime. behavior. In this test, mice prenatally exposed to alcohol are quicker to enter the center zone than 83 controls. Finally, the home cage activity test (HC) is used to assess activity in a familiar 84 environment. In the HC test, mice that had faced postnatal maternal separation were less active 85 than controls (Alberry and Singh, 2016). Also, early life stress introduced by maternal separation 86 and isolation during early development in mice may lead to increased anxiety-like behaviors in 87 adults (Romeo et al., 2003) . The results of rodent models of maternal separation have found the 88 first 10 postnatal days represent the most critical period (Fenoglio et al., 2006) , as such, 89 separation models have focused on this time (Franklin et al., 2010; Veenema et al., 2008) . 90 (epsilon 2), and Grin1, glutamate receptor, ionotropic, NMDA1 (zeta 1). Using a modest threshold 141 for inclusion (p < 0.05), Module 19 genes implicate KEGG pathways important in transcription 142 such as RNA degradation (p = 0.006), as well as neurodevelopment and neurodegeneration, 143 including adherens junction (p = 0.015) (Table 1 , Supplementary Table 2 ). Major gene ontologies 144 implicated by genes in this module using the same threshold are important for neurodevelopment 145 and neurodegeneration, such as beta-catenin-TCF complex (p = 6 x 10 -4 ), Notch signaling (p = 7 146
x 10 -4 ), and MAPK cascade (p = 9 x 10 -4 ), as well as transcription, including RNA polymerase II 147 functions (p = 0.001) ( Table 3 ). Genes with larger effect 155 size (beta values) tend to also reach greater significance (Figure 2A , B, C). Filtering for existing 156 transcripts aligned to the mouse genome (mm10), 164 unique transcripts were implicated by 157 ethanol, 116 by stress, and 217 by the combination of two treatments (p < 0.01) ( Figure 2D ). 158
There was some overlap between lists, with 13 transcripts shared by all three lists. Differentially 159 expressed genes for each treatment group were analyzed for enrichment of gene ontology and 160 KEGG pathways using annotated genes from these transcripts ( Table 2 , Supplementary Table  161 3). Transcripts differentially expressed following prenatal ethanol treatment are important for 162 mRNA processing (p < 1.01 x 10 -5 ) and synapse localization (p < 0.001). Following postnatal 163 maternal separation stress, transcripts important for cell polarity (p = 8.64 x 10 -5 ) and several 164 neurological pathways (p < 0.001) are differentially expressed. For mice exposed to both prenatal 165 ethanol and postnatal stress, altered transcripts are important for stimulus response (p < 2.39 x 166 10 -4 ). Taken together, some ontologies and pathways altered by either prenatal ethanol exposure 167 or postnatal stress are shared, particularly with synaptic functions (synapse, synapse part, 168 postsynapse, GABAergic synapse). In addition, genes related to hemoglobin binding have altered 169 expression in the Ethanol as well as Ethanol + Stress groups (p < 1.69 x 10 -5 ). 170 Some overlap exists between these three lists, specifically when examining the top 25 most 171 significant annotated transcripts in each list (Table 3 ). Most notably, Robo4, Roundabout 172 guidance receptor 4, and Krba1, KRAB-A domain containing 1, are upregulated in each treatment 173 group, with effect sizes ranging from 2.40 to 4.07. Alas2, aminolevulinic acid synthase 2, erythroid, 174 is the most significantly differentially expressed gene following ethanol treatment (beta = 1.21, p 175 = 1.04 x 10 -5 ), and is also upregulated in the Ethanol + Stress group (beta = 1.08, p = 7.71 x 10 -176 5 ). Similarly, Suv39h2, suppressor of variegation 3-9 2, is also upregulated following prenatal 177 ethanol exposure (beta = 3.64, p = 1.34 x 10 -3 ) as well as following the combined Ethanol + Stress 178 treatments (beta = 3.74, p = 9.76 x 10 -4 ). Kdm6a, lysine (K)-specific demethylase 6a, Sbno1, Two differentially expressed genes show robust changes in differential expression between the 187 ethanol + stress group compared to the control group, adjusted for a stringent false discovery rate 188 (q < 0.05), Esrrb, estrogen related receptor, beta and Polr2a, polymerase (RNA) II (DNA directed) 189 polypeptide A ( Figure 2D ). Each of these is the result of a single transcript downregulated 190 following the combination of Ethanol + Stress ( Figure 3A is associated with activated hippocampal microglia in rats (Tynan et al., 2010) . Such results argue 232 that the WGCNA analysis has identified a set of genes represented in module 19 that are relevant 233 to FASD etiology. 234
Next, we focused on the set of genes represented in module 19. We argue that the genes affected 235 represent pathways that may be disturbed in FASD. Genes responsible for the MAPK cascade 236 To the best of our knowledge, this is the first report of genome-wide changes in hippocampal gene 257 expression following a continuous preference exposure of alcohol in a mouse model of FASD. 258
Our results argue that prenatal ethanol exposure and early maternal separation lead to alterations 259 in specific hippocampal genes depending on the type and combination of exposures. Of interest 260 to this discussion are two transcripts, Robo4 and Krba1, that are among the top 25 most 261 significantly altered transcripts in each treatment group, both upregulated in every group 262 compared to control (p < 0.001). The protein product for Robo4 is the roundabout (Robo) receptor, 263 with interacts with the astrocyte-secreted slit guidance ligand 2 (Slit2) during central nervous 264 system development, specifically as an axon repellant during axon guidance (Brose et al., 1999) . 265
Krba1 may be relevant as a transcription factor, it is predicted to regulate transcription via DNA 266 template binding as a zinc-finger protein that represses RNA polymerase promoters (Urrutia, 267 2003) . Gestational long-term exposure to air pollution (measured as particulate matter with a 268 diameter < 2.5 µm) was associated with increased cord blood KRBA1 expression in females 269 Other research has shown that DLG3 overexpression in a cancer cell culture model inhibits 301 proliferation and induces apoptosis (Liu et al., 2014). Taken together, the upregulation of these 302 three genes in the Stress and Ethanol + Stress groups may lead to altered brain transcriptional 303 regulation and synaptic plasticity required for normal learning processes and brain function. 304
Gene expression dysregulation compliments WGCNA results

305
The molecular functions most significantly enriched by Module 19 genes involve RNA polymerase 306 II DNA binding. These are genes correlated with experimental treatment group and anxiety-like 307 behavior. When looking for differentially expressed genes, we also find that the most significantly 308 differentially expressed transcript coding for an RNA polymerase II subunit (Polr2a) is 309 downregulated following stress and ethanol + stress as compared to control. In conclusion, we have examined RNA isolated from adult hippocampus, a more focused tissue of evidence suggest microglia and neurons respond differently and need to be assessed 328 separately. In our WGCNA analysis, Module 19 was associated with changes in hippocampal 329 gene expression and anxiety-like behavior, an association potentially driven by microglia. 330
Additionally, the Kdm6a histone demethylase found differentially expressed in stress and ethanol 331 + stress groups is important for microglia function in clearance of dying neurons. In fact, 332 developmental alcohol exposure leads to lasting disruption of microglia in rodents (Chastain et  333 al., 2019). Further work in this area should focus on cell type differences that underlie the 334 observations described here. Also, alterations in gene expression in this study were assessed at 335 postnatal day 70, following prenatal ethanol exposure and/or postnatal stress up to postnatal day 336 14. It seems unlikely that the direct effect of the treatments used are persisting 8 weeks later. It 337 is logical to argue that these exposures are causing long-lasting transcriptomic effects. In this 338 context, epigenetic mechanisms are known to be involved in the programming of gene expression 339 throughout development, and as mediators of experience to finely control expression. As in our 340 results, alterations to epigenetic marks such as DNA methylation, histone modifications, and 341 microRNA expression have been implicated following prenatal alcohol exposure and early life 342 stress. As such, future experiments should aim to classify alterations in epigenetic terms that may 343 be responsible for the persistent changes in gene expression seen over a long period of time. 344
Finally, we have demonstrated that transcriptome changes persist in the hippocampus of adult 345 mice prenatally exposed to alcohol and/or postnatally exposed to early life stress. Some 346 transcripts are co-expressed in a way that correlates with experimental treatment and behavioral 347 outcomes. These transcripts code for genes important in RNA processing and management 348 throughout neurodevelopment and beyond. In addition, some transcripts are significantly 349 differently expressed between treatment groups. Specifically, Polr2a is downregulated following 350 early life stress as well as the combination of prenatal ethanol exposure and postnatal stress. presented ethanol solution in water with increasing concentrations available from 2%, 5%, and 372 10%, each introduced after 48 hours of exposure to the previous concentration. Following 10% 373 ethanol availability over a 10-day period, females were mated with 15-week-old males, with only 374 water available. Males were removed after 24 h, representing gestational day 0. Ethanol was 375 available to ethanol females until postnatal day 10. Ethanol was then removed and only water 376 was provided to all females for the duration of the study. While blood alcohol levels were not taken 377 to minimize maternal stress, voluntary consumption of 10% ethanol at 14 g ethanol per kg body 378 weight per day has been shown to produce peak blood alcohol levels of 120 mg dl -1 (Allan et al., dislocation. Hippocampus was dissected from whole brain as previously described (Spijker, 396 2011 (± s.e.m.) of Polr2a is decreased 1.24 -fold with postnatal stress alone, and 1.59-fold when mice 712 were prenatally exposed to ethanol and postnatal stress, as detected by reverse transcription 713 qPCR, *p < 0.05, **p < 0.01. 714
Pseudoalignment and differential expression analysis
